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(54) WELD LINE POSITION DETECTING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To detect a weld line position in any case by measuring 
data of a cross sectional shape of a work surface extending across the weld line, and 
automatically detecting the weld line position based on the data. 
SOLUTION: Using a laser type shape measuring meter 1, a mirror 12 is rotated by a 
scanner 13. and a laser spot light is irradiated on the work surface while moving 
across a weld line WL of a work W. The reflection light is detected so as to obtain the 
data of two-dimensional work cross sectional shape showing the cross sectional 
shape of the work surface. Then, using a computer 2, the work cross sectional shape 
is approximated with plural line segments based on the data, and is grouped according 



to a given rule. The cross sectional shape pattern of one member Wl for forming the 
weld line WL and the cross sectional shape pattern of the other member W2 are 
obtained from the grouped line segments, so as to calculate and detect the position of 
the weld line WL based on positions and the like of an end point of each cross 
sectional shape. 
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CLAIMS 



[Claim(s)] 

[Claim 1] (a) By detecting the reflected light in a direction which irradiates light and is 
different from the direction of radiation A work-piece cross-section 
shape-measurement means to obtain the two-dimensional cross-section 
configuration data in which the cross-section configuration on the front face of a 
work piece which crosses the weld line and extends is shown, (b) A segment 
approximation means to approximate a work-piece cross-section configuration by 



two or more segments based on the two-dimensional work-piece cross-section 
configuration data obtained by said work-piece cross-section shape-measurement 
means, (c) The segment grouping means which carries out grouping of said two or 
more segments by said segment approximation means according to a predetermined 
regulation, (d) By extracting two segment groups from the segment group by whom 
grouping was done with said segment grouping means in order with long die length The 
part I material cross-section configuration pattern in which while forms said weld line 
of said work piece in, and the cross-section configuration pattern of a member is 
shown, Weld-line location narrowing-down ****** which obtains the part II material 
cross-section configuration pattern in which the cross-section configuration pattern 
of the member of another side which forms said weld line is shown, (e) The endpoint 
located in said part II material cross-section configuration pattern side of said part I 
material cross-section configuration pattern, The work-piece cross-section 
configuration data near [ this ] the endpoint, and the endpoint located in said part I 
material cross-section configuration pattern side of said part II material cross-section 
configuration pattern, Weld-line location detection equipment characterized by having 
a weld-line location operation detection means to calculate and detect the location of 
said weld line, based on the work-piece cross-section configuration data near [ this ] 
the endpoint. 

[Claim 2] While said weld-line operation detection means calculates the 1st straight 
line prolonged along with the near part of said endpoint in said part I material 
cross-section configuration pattern The 2nd straight line prolonged along with the 
near part of said endpoint in said part II material cross-section configuration pattern 
is calculated. Subsequently, weld-line location detection equipment according to claim 
1 which is what judges the physical relationship of these [ of said two endpoints and 
said intersection ] three points, and detects the location of said weld line after 
calculating the intersection of said both straight lines. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] An arc welding robot is equipped with this invention, it has an 
optical work-piece cross-section shape-measurement means to obtain the 
cross-section configuration data on the front face of a work piece which crosses the 
weld line and extends, about suitable weld-line location detection equipment, and 
relates to the weld-line location detection equipment which detected the weld-line 
location automatically based on the work-piece cross-section configuration data. 



[0002] 

[Description of the Prior Art] Carry out teaching of the weld-line location of the work 
piece used as criteria beforehand, and memory is made to memorize, and in case said 
criteria work piece and work piece of isomorphism are welded one after another, 
based on said weld-line location data by which teaching was carried out, he moves a 
welding torch along with the weld line, and is trying to weld each work piece 
subsequently in the arc welding robot of storage / playback mold, by the way, (**) — 
since there is an assembly error in a work piece (welded joint which should be welded), 
and there is an anchoring error of a work piece when the work piece which should be 
welded is fixed to a positioner, a location gap may arise between the weld-line location 
by which teaching was carried out at the criteria work piece, and the weld-line 
location of the work piece which it is going to weld from now on Moreover, a location 
gap may arise according to deformation of this work piece by the heat distortion of 
the work piece under (b) welding. 

[0003] therefore, arcing in [ be / it / under / welding / which detects automatically 
the weld-line location of the necessary part (for example, a welding initiation 
setting-out part and a welding halt setting-out part) of a work piece, or the arc has 
generated in advance of the welding initiation for every work piece in order to cancel 
said location gap / setting ] a necessary part — the actual making of the tea — the 
weld-line location detection equipment for detecting the weld-line location of a way 
automatically is had. And he is trying to obtain the location data of right truth of the 
weld line of the work piece which it is going to weld from now on in an arc welding 
robot by correcting the location data of said weld line by which teaching is carried out 
based on the actual weld-line location data of the necessary part detected with 
weld-line location detection equipment. 

[0004] By detecting the reflected light in a direction which irradiates scanning laser 
spot light as an example of such weld-line location detection equipment so that the 
weld line WL of this work piece W may be conventionally crossed on a work-piece 
front face, and is different from the direction of radiation It has the laser type 
configuration instrumentation 51 which obtains the two-dimensional work-piece 
cross-section configuration data in which the cross-section configuration on the 
front face of a work piece which crosses the weld line WL and extends is shown, and 
what detected the location of the weld line WL based on work-piece cross-section 
configuration data is known. 

[0005] This conventional weld-line location detection equipment approximates the 
cross-section configuration of a work piece W by two straight lines based on 
work-piece cross-section configuration data, and detects the intersection of the 
straight line of these two books as a weld-line location. Therefore, in the case of T 
jointing (fillet joint constituted by an inferior lamella and the standing board) of a fillet, 
as shown in drawing 20 , a work-piece cross-section configuration can be 



approximated in two straight lines, and can ask for the intersection q of these two 
straight lines as a weld-line location. In addition, although the work-piece 
cross-section configuration data shown in drawing 20 (b) are many meetings of the 
point data which have a two-dimensional coordinate (Y, Z) in practice (refer to 
drawing 2 ), the continuous line which continues in order to make an understanding 
easy has shown them. 
[0006] 

[Problem(s) to be Solved by the Invention] However, with said conventional weld-line 
location detection equipment, it faces applying to the joint which performs the fillet 
weld most used abundantly as a welding robot's object work piece, and, in the following 
**s - **, there is a trouble that a weld-line location is undetectable. 
[0007] ** As shown in drawing 21 (a), when unrelated part III material W3 which does 
not participate in formation of the weld line WL of a work piece W enters in the visual 
field of the laser type configuration measuring instrument 51 drawing 21 — ( — b — ) 

— being shown — as — a work piece — a cross section — a configuration — two — 
a ** — a straight line — it cannot approximate — two — a ** — an intersection 
(folding point) — q — q — ' — existing — ********-- a work piece — W — 
constituting — part I — material — W — one — part III — material — W3 — a joint 

— it is — falsehood — the weld line — a location — being shown — an intersection 

— q — ' — being unexcludable . 

[0008] ** Since the part of the tack-weld section in work-piece cross-section 
configuration data becomes what shows a curve (convex radii) as shown in (b) of 
drawing 22 when it is going to detect the weld-line location in the tack-weld section, 
as shown in drawing 22 (a), a weld-line location is undetectable. 

[0009] ** When the groove face WG is established in the part I material (standing 
board) W1 in order to raise the reinforcement of a weld zone in fillet T jointing (work 
piece W) as shown in drawing 23 (a) As shown in (b) of drawing 23 , a work-piece 
cross-section configuration cannot approximate by two straight lines, but two 
intersections q and q will exist, and the intersection q which shows the location of the 
weld line WL formed of the part I material W1 which constitutes a work piece W, and 
the part II material W2 cannot be detected, moreover, if a groove face WG be polish by 
a grinder etc. and be in the mirror plane condition that the oxide film on the front face 
of a steel plate should be remove, as reflected light sufficient from a groove face WG 
for the two-dimensional light-receiving array of a measuring instrument 51 stop come 
on the contrary depending on the arrangement location of the laser type configuration 
measuring instrument 51 and it be show in (c) of drawing 23 , data lack of the groove 
face WG part in work piece cross section configuration data will occur. For this reason, 
the location of the weld line WL is undetectable. 

[0010] ** Since circular pipe material W1 part in work-piece cross-section 
configuration data becomes what shows not a straight line but a curve (convex radii) 



as shown in (b) of drawing 24 when the work piece W is constituted by the circular 
pipe material W1 and the plate W2, as shown in drawing 24 (a), a weld-line location is 
undetectable. Moreover, since the circular pipe material W1 of both in work-piece 
cross-section configuration data and W2 part become what shows not a straight line 
but a curve (convex radii) as shown in drawing 25 (b) when the work piece W is 
constituted by the circular pipe material W1 which is the part I material, and the 
circular pipe material W2 which is the part II material, as shown in drawing 25 (a), a 
weld-line location is undetectable. 

[001 1] Then, the object of this invention cancels said conventional trouble, and has an 
optical work-piece cross-section shape-measurement means to obtain the 
cross-section configuration data on the front face of a work piece which crosses the 
weld line and extends. In the weld-line location detection equipment which detects a 
weld-line location based on said work-piece cross-section configuration data It faces 
applying to the work piece which performs a fillet weld as an object work piece, and a 
weld-line location can be detected, without being interfered by this 3rd member and 
mistaking, even when the 3rd unrelated member which does not participate in 
formation of the weld line of a work piece enters in the visual field of said optical 
measurement means. Again Even when it is a part with the tack-weld section, the 
weld-line location in this tack-weld section can be detected. Moreover, even when 
the cross-section configuration data of the case where the groove is prepared, or this 
groove are not obtained, a weld-line location can be detected. Furthermore a work 
piece consists of cylindrical members of hollow or a solid, and even when a 
work-piece cross-section configuration becomes what shows not a straight line but 
convex radii, it is in offering the weld-line location detection equipment which can 
detect a weld-line location. 
[0012] 

[Means for Solving the Problem] In order to attain the aforementioned object, 
invention of claim 1 (a) by detecting the reflected light in a direction which irradiates 
light and is different from the direction of radiation A work-piece cross-section 
shape-measurement means to obtain the two-dimensional cross-section 
configuration data in which the cross-section configuration on the front face of a 
work piece which crosses the weld line and extends is shown, (b) A segment 
approximation means to approximate a work-piece cross-section configuration by 
two or more segments based on the two-dimensional work-piece cross-section 
configuration data obtained by said work-piece cross-section shape-measurement 
means, (c) The segment grouping means which carries out grouping of said two or 
more segments by said segment approximation means according to a predetermined 
regulation, (d) by extracting two segment groups from the segment group by whom 
grouping was done with said segment grouping means in order with long die length The 
part I material cross-section configuration pattern in which while forms said weld line 



of said work piece in, and the cross-section configuration pattern of a member is 
shown, Weld-line location narrowing-down ****** which obtains the part II material 
cross-section configuration pattern in which the cross-section configuration pattern 
of the member of another side which forms said weld line is shown, (e) The endpoint 
located in said part II material cross-section configuration pattern side of said part I 
material cross-section configuration pattern, The work-piece cross-section 
configuration data near [ this ] the endpoint, and the endpoint located in said part I 
material cross-section configuration pattern side of said part II material cross-section 
configuration pattern, It is weld-line location detection equipment characterized by 
having a weld-line location operation detection means to calculate and detect the 
location of said weld line, based on the work-piece cross-section configuration data 
near [ this ] the endpoint. 

[0013] Invention of claim 2 is set to weld-line location detection equipment according 
to claim 1. Said weld-line operation detection means While calculating the 1st straight 
line prolonged along with the near part of said endpoint in said part I material 
cross-section configuration pattern The 2nd straight line prolonged along with the 
near part of said endpoint in said part II material cross-section configuration pattern 
is calculated. Subsequently, after calculating the intersection of said both straight 
lines, the physical relationship of these [ of said two endpoints and said intersection ] 
three points is judged, and it is characterized by being what detects the location of 
said weld line. 

[0014] In the weld-line location detection equipment by this invention, the 
two-dimensional cross-section configuration data in which the cross-section 
configuration on the front face of a work piece which crosses the weld line WL of a 
work piece W, and extends with an optical work-piece cross-section 
shape-measurement means is shown first are obtained. A work-piece cross-section 
configuration is approximated to extent which not only the linearity of this work-piece 
cross-section configuration but also flexibility and curve nature may reflect by two or 
more segments to which a segment approximation means makes a single string based 
on the two-dimensional cross-section configuration data from this work-piece 
cross-section shape-measurement means (refer to drawing 10 and drawing 1 1 ). 
[0015] Subsequently, a segment grouping means carries out grouping of to any two 
segments which adjoin the angular difference (crookedness degree) which two 
adjacent segments make about two or more segments searched for with said segment 
approximation means shall make the convex between a top or the bottom to two or 
more segment groups by analyzing (refer to drawing 12 ). Each segment group 
consists of two or more segments which make a single string. By this two or more 
segments searched for with the segment approximation means The part which while 
forms the weld, line WL of a work piece W, and shows the cross-section configuration 
of a member W1, A group division is made by the part which shows the cross-section 



configuration of the member W2 of another side which forms this weld line WL, and the 
part which shows parts other than these (unrelated part III material W3 which does not 
participate in formation of the weld line WL, tack-weld section in the part of the weld 
line WL, etc.). In the case of this grouping, if the joint which performs a fillet weld is 
used as an object work piece, the property (property) that the cross-section 
configuration of the members W1 and W2 which form the weld line WL becomes radii 
with it will be used. [ a straight line with long die length or long die length, and ] 
[ convex ] 

[0016] By weld-line location narrowing-down ****** after this grouping by extracting 
two segment groups from said two or more segment groups in order with long die 
length The part I material cross-section configuration pattern PS 1 in which parts 
used as trouble, such as said part III material W3, tack-weld section, etc., are 
excepted to location detection of the weld line WL, while forms the weld line WL in, 
and the cross-section configuration pattern of a member W1 is shown The part II 
material cross-section configuration pattern PS 2 in which the cross-section 
configuration pattern of the member W2 of another side which forms this weld line WL 
is shown can be obtained. 

[0017] By this, while setting to P1L the endpoint by the side of the part II material 
cross-section configuration pattern PS 2 of the part I material cross-section 
configuration pattern PS 1 (endpoint located in a weld-line side) If the endpoint by the 
side of the part I material cross-section configuration pattern PS 1 of the part II 
material cross-section configuration pattern PS 2 (endpoint located in a weld-line 
side) is set to P2R, the weld-line location which should be detected Since it becomes 
this location, and it exists near such endpoint P1L and the P2R when that is not right 
in endpoint P1L of said both and P2R lapping and being in the same location, the 
weld-line location's existence range can be narrowed down. 

[0018] Subsequently, a weld-line location operation detection means calculates the 
2nd straight line L2 prolonged along with the part near the endpoint P2R in the part II 
material cross-section configuration pattern PS 2, and calculates and asks after an 
appropriate time for the intersection Q of both said straight lines L1 and L2 while it 
calculates the 1 st straight line L1 prolonged along with the part near the endpoint P1 L 
in the part I material cross-section configuration pattern PS 1. And the weld-line 
location of a work piece is detectable by analyzing and judging two endpoint P1L, P2R, 
and the physical relationship of these [ of Intersection Q ] three points with a 
weld-line location operation detection means (refer to drawing 14 - drawing 1 9 ). For 
example, when 3 point P1 L, P2R, and Q are in the same location, let Intersection Q be 
a weld-line location. 

[0019] In addition, the aforementioned segment approximation means, a segment 
grouping means, a segment grouping means, weld-line location narrowing-down 
****** ( anc | a weld-line location operation detection means are realizable by 



programmed computer. 

[0020] Thus, according to the weld-line location detection equipment by this invention, 
it has an optical work-piece cross-section shape-measurement means to obtain the 
cross-section configuration data on the front face of a work piece which crosses the 
weld line and extends. It faces detecting a weld-line location based on said 
work-piece cross-section configuration data. A weld-line location can be detected 
without being interfered by this 3rd member and mistaking, even when the 3rd 
unrelated member which does not participate in formation of the weld line of a work 
piece enters in the visual field of said optical measurement means (refer to drawing 
21 ). Moreover, even when it is a part with the tack-weld section (refer to drawing 22 ), 
the weld-line location in this tack-weld section can be detected. Moreover, even 
when the cross-section configuration data of the case (refer to drawing 23 ) where 
the groove is prepared, or this groove are not obtained (refer to drawing 23 (c)), a 
weld-line location can be detected. Furthermore a work piece consists of cylindrical 
members of hollow or a solid, and even when a work-piece cross-section 
configuration becomes what shows not a straight line but convex radii ( drawing 24 , 
25 reference), a weld-line location can be detected. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained with reference to a drawing. Drawing 1 is drawing showing the whole 
weld-line location detection equipment configuration by 1 operation gestalt of this 
invention. 

[0022] As shown in drawing 1 , weld-line location detection equipment is constituted 
by the laser type configuration measuring instrument (work-piece cross-section 
shape-measurement means) 1 and the computer 2. The laser type configuration 
instrumentation 1 is carried in the hand section of the arc welding robot 3 mentioned 
later with a welding torch, and is positioned near the work piece W which performs a 
fillet weld. This laser type configuration measuring instrument 1 has the 
two-dimensional light-receiving array 15 which consists of CCD (photo detector) 
which collects and detects the reflected light from a work-piece front face through 
the light-receiving lens 14 in a direction which is different from the rotatable scanner 
13 with the mirror 12 for moving the front-face top of a work piece W, and the 
direction of radiation by the mirror 1 2 in the laser spot light from the laser projector 
1 1 which discharges laser spot light, and the laser projector 1 1 . Here, if laser spot light 
is irradiated on the front face of a work piece W through a mirror 12 and the reflected 
light from a work-piece front face is detected by the two-dimensional light-receiving 
array 15, it can ask for the location of the irradiated laser spot light in a work-piece 
front face by the principle of a triangulation method from the include angle of a mirror 
12, the light-receiving location of the laser spot light in the two-dimensional 
light-receiving array 15, etc. In this laser type configuration measuring instrument 1, a 



mirror 12 is rotated with a scanner 13, and it irradiates, moving laser spot light so that 
the weld line WL of this work piece W may be crossed on a work-piece front face, and 
the two-dimensional work-piece cross-section configuration data in which the 
cross-section configuration on the front face of a work piece which crosses the weld 
line WL and extends is shown are obtained by detecting that reflected light. 
[0023] A segment approximation means, a segment grouping means, weld-line location 
narrowing-down ******, and a weld-line location operation detection means are 
constituted, the work-piece cross-section configuration data from the laser type 
configuration instrumentation 1 are inputted, and a computer 2 outputs the location 
data of the weld line WL detected as an output to the below-mentioned robot control 
board 4. 

[0024] Drawing 2 is drawing showing typically the work-piece cross-section 
configuration data which consist of data of the point location which is obtained by the 
laser type configuration instrumentation in drawing 1 , and has a two-dimensional 
coordinate (Y, Z). About the system of coordinates of YZ, the Z-axis is set up in the 
direction which faces to the laser type configuration measuring instrument 1 here, and 
the Y-axis is set up in the rectangular direction. 

[0025] Drawing 3 is drawing for explaining the arc welding robot equipped with the 
weld-line location detection equipment shown in drawing 1 . As shown in this drawing, 
the laser type configuration measuring instrument 1 is carried in the hand section of 
an arc welding robot 3. The weld-line location data which calculated by computer 2 of 
weld-line location detection equipment, and were called for are given to the robot 
control board 4. In the robot control board 4, as explained previously, based on the 
weld-line location data from the computer 2 of weld-line location detection equipment, 
the error of the weld-line location by which teaching is beforehand carried out about 
the work piece W which it is going to weld from now on is corrected, and the location 
data in which a actual weld-line location without a location gap is shown are given to 
an arc welding robot 3. 

[0026] In the weldHine location detection equipment hereafter constituted as shown 
in drawing 1 , the weld-line location detection by the computer 2 is explained with 
reference to a drawing. Drawing 4 is drawing for explaining the weld-line location 
detection procedure by the computer 2 in drawing 1 , and as shown in this drawing, in 
response to the two-dimensional work-piece cross-section configuration data from 
the laser type configuration instrumentation 1, a computer 2 carries out segment 
approximation processing, segment grouping processing, weld-line location 
narrowing-down ******, and weld-line location operation detection processing, and is 
made to detect a weld-line location. 

[0027] First, segment approximation processing is explained with reference to drawing 
5 and drawing 10 . Segment approximation processing is processing approximated so 
that it may be obtained by the laser type configuration measuring instrument 1 , the 



location Pk which are many points with the two-dimensional coordinate value of YZ 
system of coordinates, and the work-piece cross-section configuration data which 
consist of k= 1 - n may be processed and this may be imitated in a work-piece 
cross-section configuration by two or more segments (S1, S2, — ). Here, as the 
technique of carrying out segment approximation, what was indicated by reference "T. 
Pavlidis and S.LHorowitz, "Segmentation of Planes Curves", IEEE Trans.Comput., 
vol.c-23, pp.860-870, August 1974" is known, and this technique is used. Drawing 5 is 
a flow chart which shows the procedure of the segment approximation processing in 
drawing 4 . N1, N2, and — which are used here into drawing 5 , and after-mentioned 
drawing 6 - drawing 9 show the number of a procedure (step). Drawing 10 is drawing 
for explaining segment approximation processing. 

[0028] In this example, work-piece cross-section configuration data consist of data of 
the location Pk with the two-dimensional coordinate value of YZ system of 
coordinates of n pieces, k= 1 - n. First, at step N1, initial setting called i= 1 and j=n is 
performed. Subsequently, at step N2, the formula of the straight line E which connects 
one Endpoint Pi and other-end point Pj (Y coordinate value of Y coordinate value >Pi 
of Pj) of the section (Pi, Pj) in work-piece cross-section configuration data is called 
for by count. The 1st formula of the straight line E which connects the starting point 
P1 and a terminal point Pn is called for (refer to drawing 10 (a)). At the following step 
N3, the distance D (Pk) and k=i-j from each point to a straight line E are computed for 
each point, respectively. D (Pk) shows the value of the distance to the straight line E 
in a location Pk here, and the 1st value D (Pn) of the value D of the distance from the 
starting point P1 to a straight line E (P1), the value D of the distance from a point P2 
to a straight line E (P2), ..... the distance from a terminal point Pn to a straight line E is 
computed (refer to drawing 1 0 (b)). 

[0029] Subsequently, at step N4, the maximum of distance D (Pk) is calculated from 
from among the distance D (Pk) computed at step N3, and k=i-j, and Pkmax and 
distance are set to D (Pkmax) for the point at that time (refer to drawing 1 0 (c)). And 
in step N5, it is judged whether it is larger than the threshold Lth of the distance as 
which maximum distance D (Pkmax) was determined beforehand. When maximum 
distance D (Pkmax) is larger than a threshold Lth, it progresses to step N6 and is 
Point Pkmax. It registers as a folding point (refer to drawing 10 (d)). 
[0030] At step N7, if a folding point is obtained, while it considers as i=i and j=kmax 
and processing of this content is made with from the aforementioned step N2 to step 
N6 in the section (Pi and Pkmax), by step N8, it will consider as i=kmax and j=j and 
processing of this content will be made with from the aforementioned step N2 to step 
N6 in the section (Pkmax, Pj) (refer to drawing 10 (e)). And the extract of the folding 
point for segment approximation is ended noting that a folding point does not exist in 
the section that the maximum distance D in each section (Pkmax) is below the 
threshold Lth (step N9). 



[0031] Thus, extracted folding point Pkmax Segment approximation of the work-piece 
cross-section configuration is carried out by two or more segments S1 and S2 to 
connect and — (refer to drawing 1 1 ). Based on work-piece cross-section 
configuration data (Pk, k=1-n) with the two-dimensional coordinate value obtained by 
the laser type configuration instrumentation 1 like the aforementioned steps N1-N9, a 
segment approximation means performs the procedure approximated so that this may 
be imitated in a work-piece cross-section configuration by two or more segments. 
[0032] Next, grouping is carried out to two or more segment groups about two or more 
segments S1 and S2 as shown in drawing 1 1 which approximates a work-piece 
cross-section configuration, and — . The part which while forms the weld line WL of a 
work piece W for two or more segments S1 and S2 and — from which the object of 
grouping was gained by the aforementioned segment approximation processing, and 
shows the cross-section configuration of a member W1 , It is in dividing into the part 
which shows the cross-section configuration of the member W2 of another side which 
forms this weld line WL, and the part which shows parts other than these (unrelated 
part III material W3 which does not participate in formation of the weld line WL, 
tack-weld section in the part of the weld line WL, etc.). Use the property in which the 
cross-section configuration of the members W1 and W2 which form the weld line WL 
becomes radii with it in grouping, and two adjacent segments Si and angular difference 
deltatheta of Si+1 When small, [ a straight line with long die length or long die length, 
and ] [ convex ] Or while two adjacent segments Si and Si+1 are turning the convex up, 
grouping of them is carried out noting that two segments Si and Si+1 belong to the 
same group. 

[0033] Drawing for the flow chart and drawing 12 which show the procedure of 
segment grouping processing [ in / in drawing 6 / drawing 4 ] to explain segment 
grouping processing, and drawing 13 are the explanatory views of angular difference 
deltatheta of Segment Si and segment Si+1. Hereafter, segment grouping processing 
is explained. 

[0034] Angular difference deltatheta which first two adjacent segments Si and Si+1 
make is explained with reference to drawing 13 . As shown in drawing 1 3 , it asks for a 
straight line Si by count with the least square method using the sequence of points 
which constitute Segment Si. Similarly, straight-line Si+1 is calculated with the least 
square method using the sequence of points which constitute segment Si+1. And 
angular difference deltatheta of the straight line Si for which it asked, and straight-line 
Si+1 is computed. The value of angular difference deltatheta has determined the 
counter clockwise direction as forward (plus), as shown in drawing 1 3 . Thus, 
called-for angular difference deltatheta is made into Segment Si and the angular 
difference of Si+1. 

[0035] Now, at step N10, initial setting called i= 1 and g= 1 is performed first. At the 
following step N11, initial setting which determines the number of the segment group 



to whom Segment Si belongs as g is performed, and a segment S1 is set up as a thing 
belonging to the segment group 1. 

[0036] Subsequently, at step N12, above mentioned angular difference deltatheta of 
Segment Si and segment Si+1 is computed, and a ****** [ being smaller than 
threshold thetath to which angular difference deltatheta was beforehand set in the 
following step N13 ] — Segment Si and segment Si+1 — being convex (angular 
difference deltatheta>=0) — it is judged whether it is making or not. [ or ] Here, since 
segment Si+1 belongs to Segment Si and the same group in satisfying angular 
difference delta theta<theta th or angular difference deltatheta>=0 (it is YES at step 
N13), it progresses to step N14 and the number of the segment group to whom 
segment Si+1 belongs is set to g. The 1st segment (i= 1) S2 belongs to the segment 
group 1. Since segment Si+1 does not belong to Segment Si and the same group in not 
filling angular difference delta theta<theta th or angular difference deltatheta>=0 (it is 
NO at step N13), after only the segment group number +1 increments g in step N15 on 
the other hand, it progresses to the aforementioned step N14. For example, in NO, in 
the 1st time (i= 1), a segment S2 belongs at step N13 at the segment group 2. 
[0037] Subsequently, after carrying out i +one in step N1 6, it progresses to step N1 7, 
and it confirms whether to be the no which gave the segment group number to the last 
segment Sn at step N17, and returns to step N12. 

[0038] Thus, the grouping of Segments SI, S2, — , Sn is made. For example, it is not 
satisfied with the example shown in drawing 12 of angular difference delta theta<theta 
th described above as segment S4 and a segment S5, or angular difference 
deltatheta>=0, since a convex is turned down, it does not belong to the same group, 
but therefore, grouping of the segments S1-S6 is carried out to two segment groups 
of the segment group 1 who consists of a segment S1 - S4, and the segment group 2 
who consists of segments S5 and S6. A segment grouping means performs the 
procedure which carries out grouping of two or more segments S1, S2, — , Sn 
depended on segment approximation processing like above N10-N17 according to a 
predetermined regulation. 

[0039] Next, weld-line location narrowing-down ****** is explained. Drawing 7 is a 
flow chart which shows the procedure of weld-line location narrowing-down ****** in 
drawing 4 . WeldHine location narrowing-down ****** by extracting two segment 
groups from two or more segment groups obtained by said segment grouping 
processing in order with long die length The part I material cross-section 
configuration pattern PS 1 in which parts used as trouble, such as part III material W3 
and the tack-weld section, are excepted to location detection of the weld line WL, 
while forms the weld line WL in, and the cross-section configuration pattern of a 
member W1 is shown It is processing for obtaining the part II material cross-section 
configuration pattern PS 2 in which the cross-section configuration pattern of the 
member W2 of another side which forms this weld line WL is shown. 



[0040] At step N18, each segment group's die length (total of the die length of the 
segment belonging to the segment group concerned) is computed first. Subsequently, 
at step N19, the threshold of the value of predetermined die length is set up 
beforehand, the comparison with this threshold is performed about each segment 
group, and the thing more than predetermined die length is extracted out of these 
segment groups. And in the following step N20, it is judged whether the number of 
segment groups extracted at said step N1 9 is two or more. In a certain case (it is YES 
at step N20), two or more pieces progress to step N21 here. 

[0041] At step N21, two segment groups are extracted from these segment groups in 
order with long die length. And in step N22, the part II material cross-section 
configuration pattern PS 2 in which the weld line WL of a work piece W is formed in, 
and the cross-section configuration pattern of the member W2 of another side which 
forms the part I material cross-section configuration pattern PS 1 in which the 
cross-section configuration pattern of a member W1 is shown and the weld line WL is 
shown is obtained from said two extracted segment groups. In this example, use as 
the part I material cross-section configuration pattern PS 1 the one where a Y 
coordinate value is smaller, and let the one where a Y coordinate value is larger than 
this be the part II material cross-section configuration pattern PS 2 (refer to drawing 
14). 

[0042] since it be think that a weld line location will not exist , for example , 
nonconformity have occur in a laser type configuration measuring instrument 1 
including the case where positioning of the laser type configuration measuring 
instrument 1 to a work piece W be unsuitable when the number of segment groups 
extracted by said step N19 be less than two (it be at step N20 ) , an error message be 
perform and it be try to suspend processing by this example on the other hand . 
[0043] By extracting two segment groups from the segment group as for whom 
grouping was done by segment grouping processing like the aforementioned steps 
N18-N22 in order with long die length Weld-line location narrowing-down ****** 
performs the procedure of obtaining the part II material cross-section configuration 
pattern PS 2 in which the weld line WL is formed in and the cross-section 
configuration pattern of the member W2 of another side which forms the part I 
material cross-section configuration pattern PS 1 in which the cross-section 
configuration pattern of a member W1 is shown and the weld line WL is shown. And the 
endpoint by the side of the part II material cross-section configuration pattern PS 2 
of the part I material cross-section configuration pattern PS 1 (endpoint located in a 
weld-line side) is set to P1 L by this. If the endpoint by the side of the part I material 
cross-section configuration pattern PS 1 of the part II material cross-section 
configuration pattern PS 2 (endpoint located in a weld-line side) is set to P2R, the 
weld-line location which should be detected Since it becomes this location, and it 
exists near such endpoint P1L and the P2R when that is not right in endpoint P1L of 



said both and P2R lapping and being in the same location, the weld-line location's 
existence range can be narrowed down (refer to drawing 14 ). 

[0044] Drawing 8 and drawing 9 are flow charts which show the procedure of the 
weld-line location operation detection processing in drawing 4 . Weld-line location 
operation detection processing analyzes the weld-line location's obtained by said 
weld-line location narrowing-down ******'s existence range, and performs 
processing which detects the location of this weld line WL. 

[0045] It explains referring to drawing 14 about steps N23-N27. First, at step N23, the 
endpoint by the side of said pattern PS 2 of the part I material cross-section 
configuration pattern PS 1 is set to P1L, and the endpoint by the side of said pattern 
PS 1 of the part II material cross-section configuration pattern PS 2 is set to P2R. 
Subsequently, at step N24, it asks for the 1st straight line L1 (straight-line type: A1, 
Y+B1, and Z=C1) prolonged along with the near part Dth of endpoint P1L in the part I 
material cross-section configuration pattern PS 1 by count. Calculation of this 1st 
straight line L1 is made with the least square method using the cross-section 
configuration data in said near part Dth of predetermined die length. Similarly, at the 
following step N25, it asks for the 2nd straight line L2 (straight-line type: A2, Y+B2, 
and Z=C2) prolonged along with near partial Dth' of endpoint P2R in the part II material 
cross-section configuration pattern PS 2 by count. Calculation of the 2nd straight line 
L2 is made with the least square method using the cross-section configuration data in 
said near partial Dth' of predetermined die length, here — a step — N — 24 — N — 
25 — setting — a member — a cross section — a configuration — a pattern — PS 

— one — PS — two — a curve — a configuration — a segment — approximation — 
carrying out — becoming — although — a case — near — a part — Dth — Dth — ' 

— die length — being big — a value — carrying out — if — original — a cross section 

— a configuration — between — an error — generating — ******** — since — this 

— a cross section — a configuration — being reflected — and — an error — being 
permissible — extent — being small — a value — setting up — having — **** . 
Moreover, the die length of Part Dth and Dth' will be set as a value smaller than 
groove face width of face soon. 

[0046] Subsequently, in step N26, the intersection Q of the 1st straight line L1 and 
the 2nd straight line L2 is computed, and it progresses to the following step N27. At 
step N27, the distance D1 of endpoint P1L of the part I material cross-section 
configuration pattern PS 1 and Intersection Q and the distance D2 of endpoint P2R of 
the part II material cross-section configuration pattern PS 2 and Intersection Q are 
computed. 

[0047] Next, in steps N28-N35, endpoint P1L called for by doing in this way, endpoint 
P2R, and the physical relationship of three points of Intersection Q to attach are 
analyzed, and the location of the weld line WL is detected. At step N28, it is judged 
first whether it is smaller than threshold LENth to which the smaller one of said both 



distance D1 and D2 was set beforehand. In being smaller than threshold LENth here (it 
is YES at step N28) As shown in it progressing to step N29, and (the case where three 
points have lapped being included) since three points of endpoint P1L and endpoint 
P2R and Intersection Q are approaching extremely, and drawing 15 The work piece W 
which has the weld line WL by fillet T jointing (refer to drawing 20 and drawing 21 (a)) 
As shown in the work piece W (refer to drawing 24 ) which has the weld line WL by the 
work piece W (refer to drawing 25 ), or the circular pipe material W1 and plate W2 
which have the weld line WL by the circular pipe material W1 and the circular pipe 
material W2, or drawing 1 6 the work piece W which consists of fillet T jointing (refer to 
drawing 23 (a)) which has a groove — it judges with coming out. And let the 
intersection Q previously computed in these cases be a weld-line location. It outputs 
to the robot control board 4 by making this intersection Q into a weld-line location. 
[0048] When the smaller one of the distance D1 and D2 is more than threshold LENth 
(it is NO at step N28), it progresses to step N30, and it is judged whether relation 
called the Y coordinate value of Y coordinate value < endpoint P2R of the Y 
coordinate value < intersection Q of endpoint P1L is satisfied. When the relation 
concerned is being filled here (it is YES at step N30), it progresses to step N31 , and as 
shown in drawing 1 7 , it judges with it being the part (referring to drawing 22 (a)) of the 
tack-weld section, and let the intersection Q computed previously be a weld-line 
location. It outputs to the robot control board 4 by making this intersection Q into a 
weld-line location. 

[0049] On the other hand, when the aforementioned relation is not being filled (it is NO 
at step N30), it progresses to step N32, and it is judged whether relation called the Y 
coordinate value of the Y coordinate value < intersection Q of endpoint P2R is 
satisfied. As it progresses to step N33 when the relation concerned is being filled here 
(it is YES at step N32), and shown in drawing 18 , it judges with it being the work piece 
W with which it has a groove and the cross-section configuration data of this groove 
are not obtained (refer to drawing 23 (c)) f and let said endpoint P2R be a weld-line 
location. It outputs to the robot control board 4 by making this endpoint P2R into a 
weld-line location. 

[0050] Subsequently, when the aforementioned relation is not being filled (it is NO at 
step N32), it progresses to step N34, and it is judged whether relation called the Y 
coordinate value of the Y coordinate value > intersection Q of endpoint P1L is 
satisfied. As it progresses to step N35 when the relation concerned is being filled here 
(it is YES at step N34), and shown in drawing 1 9 , it judges with it being the work piece 
W with which it has a groove and the cross-section configuration data of this groove 
are not obtained, and let said endpoint P1L be a weld-line location. It outputs to the 
robot control board 4 by making this endpoint P1L into a weld-line location. Since it is 
thought at step N34 that nonconformity has occurred at the laser type configuration 
measuring instrument 1 in NO, he performs an error message and is trying to suspend 



processing by this example on the other hand. 

[0051] Endpoint P1L located in the part II material cross-section configuration 
pattern PS 2 side of the part I material cross-section configuration pattern PS 1 like 
the aforementioned steps N23-N35, The work-piece cross-section configuration data 
near [ this ] the endpoint P1L, and endpoint P2R located in the part I material 
cross-section configuration pattern PS 1 side of the part II material cross-section 
configuration pattern PS 2, Based on the work-piece cross-section configuration data 
near [ this ] the endpoint P2R, a weld-line location operation detection means 
performs the procedure of calculating and detecting a weld-line WL location. 
[0052] Thus, according to the weld-line location detection equipment by 1 operation 
gestalt explained above It faces applying to the work piece which performs a fillet weld 
as an object work piece W. The location of the weld line WL can be detected without 
being interfered by 3rd member W3 and mistaking, a case (refer to drawing 21 ) so that 
3rd unrelated member W3 which does not participate in formation of the weld line WL 
of a work piece may enter in the visual field of the laser type configuration measuring 
instrument 1 — this — Moreover, even when it is a part with the tack-weld section 
(refer to drawing 22 ), the weld-line location in this tack-weld section can be detected. 
Moreover, even when the cross-section configuration data of the case (refer to 
drawing 23 ) where the groove is prepared, or this groove are not obtained (refer to 
drawing 23 (c)), a weld-line location can be detected. Furthermore a work piece 
consists of cylindrical members of hollow or a solid, and even when a work-piece 
cross-section configuration becomes what shows not a straight line but convex radii 
( drawing 24 , 25 reference), a weld-line location can be detected. 
[0053] 

[Effect of the Invention] As stated above, according to the weld-line location 
detection equipment by this invention, it has an optical work-piece cross-section 
shape-measurement means to obtain the cross-section configuration data on the 
front face of a work piece which crosses the weld line and extends. It faces detecting 
a weld-line location based on said work-piece cross-section configuration data. A 
weld-line location can be detected without being interfered by this 3rd member and 
mistaking, even when the 3rd unrelated member which does not participate in 
formation of the weld line of a work piece enters in the visual field of said optical 
measurement means. Moreover, even when it is a part with the tack-weld section, the 
weld-line location in this tack-weld section can be detected. Moreover, even when 
the cross-section configuration data of the case where the groove is prepared, or this 
groove are not obtained, a weld-line location can be detected. Furthermore a work 
piece consists of cylindrical members of hollow or a solid, and even when a 
work-piece cross-section configuration becomes what shows not a straight line but 
convex radii, a weld-line location can be detected. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the whole welcHine location detection equipment 
configuration by 1 operation gestalt of this invention. 

[Drawing 2] It is drawing showing typically the work-piece cross-section configuration 
data which consist of data of the point location which is obtained by the laser type 
configuration instrumentation in drawing 1 , and has a two-dimensional coordinate (Y f 

Z). 

[Drawing 3] It is drawing for explaining the arc welding robot equipped with the 
weld-line location detection equipment shown in drawing 1 . 

[Drawing 4] It is drawing for explaining the weld-line location detection procedure by 
the computer in drawing 1 . 

[Drawing 5] It is the flow chart which shows the procedure of the segment 
approximation processing in drawing 4 . 

[Drawing 6] It is the flow chart which shows the procedure of the segment grouping 
processing in drawing 4 . 

[Drawing 7] It is the flow chart which shows the procedure of weld-line location 
narrowing-down ****** in drawing 4 . 

[Drawing 8] It is the flow chart which shows the procedure of the weld-line location 
operation detection processing in drawing 4 . 

[Drawing 9] It is the flow chart which shows the procedure of the weld-line location 
operation detection processing in drawing 4 . 

[Drawing 10] It is drawing for explaining segment approximation processing. 

[Drawing 11] It is drawing showing two or more segments S1 and S2 and the 

work-piece cross-section configuration approximated by — . 

[Drawing 12] It is drawing for explaining segment grouping processing. 

[Drawing 13] It is the explanatory view of angular difference deltatheta of Segment Si 

and segment Si+1. 

[Drawing 1 4] It is drawing for explaining weld-line location operation detection 
processing. 

[Drawing 1 5] It is drawing for explaining weld-line location operation detection 
processing (in the case of the work piece which has the weld line by the work piece 
which has the weld line by fillet T jointing, the work piece which has the weld line by 
circular pipe material and circular pipe material, or circular pipe material and a plate). 
[Drawing 16] It is drawing for explaining weld-line location operation detection 
processing (in the case of the work piece which consists of fillet T jointing which has a 
groove). 



« 

[Drawing 1 7] It is drawing for explaining weld-line location operation detection 
processing (in the case in the tack-weld section). 

[Drawing 18] It is drawing for explaining weld-line location operation detection 
processing (when it is the work piece with which it has a groove and the cross-section 
configuration data of this groove are not obtained). 

[Drawing 19] It is drawing for explaining weld-line location operation detection 
processing (when it is the work piece with which it has a groove and the cross-section 
configuration data of this groove are not obtained). 

[Drawing 20] It is drawing for explaining the work-piece cross-section configuration 
by the laser type configuration measuring instrument in the case of fillet T jointing. 
[Drawing 21] It is drawing for explaining the work-piece cross-section configuration 
by the laser type configuration measuring instrument in the case of fillet T jointing 
which has the part III material which does not participate in formation of the weld line. 
[Drawing 22] When it is going to detect the weld-line location in the tack-weld section, 
it is drawing for explaining the work-piece cross-section configuration by the laser 
type configuration measuring instrument. 

[Drawing 23] When the groove face is established in the standing board, it is drawing 
for explaining the work-piece cross-section configuration by the laser type 
configuration measuring instrument. 

[Drawing 24] When the work piece is constituted by circular pipe material and the 
plate, it is drawing for explaining the work-piece cross-section configuration by the 
laser type configuration measuring instrument. 

[Drawing 25] When the work pjece is constituted by circular pipe material and circular 
pipe material, it is drawing for explaining the work-piece cross-section configuration 
by the laser type configuration measuring instrument. 
[Description of Notations] 

1 — laser type configuration measuring instrument 1 1 — laser projector 12 — mirror 
13 — scanner 14 — light-receiving lens 15 — two-dimensional light-receiving array 2 
— computer 3 — Arc welding robot 4 — Robot control board W — Work piece W1 — 
Part I material W2 — Part II material W3 — Part III material WL — Weld line WG — 
Groove face PS1 — The part I material cross-section configuration pattern PS2 — 
The part II material cross-section configuration pattern 
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(4) 

5 

yit-rz (mi 20m) « ^^-^ix-etu^ - 

ii^^i-ffiicfi©a^-c*^$tvs 0 rfticj;^ gift 
;6£^<±lcA©fl^lcft5£^?#t!fe (ttff) SriW 

[0016] ^<r>>r>v—-?\\L<r>'&, WStotiiMiSSbstt 

«fc2o©*S^^u-:/&ttm^5wiK:J:!>, 

w L ©ffiBfctti i ft 5 ffitBgf 3 «Mtw 3 ^KEft »t 

©SWW l oKifi^K/< * - > l ffltfllf ffiJUtt 20 

/^->ps 1 1, m88&iwL£i&i&-tzti&j3<Dim 

S1©I2 aWtWBJEMfc"* * - > P S 2 

itt/^-yps 2 1 mmmW'tfi-^p s 1 

(»»ilSl«lcffl[flli-5*^) *P2Ri-t-5i:, 

tta-f^tssadffiiiii, wiEw*©jis^iPiL, P2R# 

*V^»^ICJime)©»^PlL, P2R<Oi£^{C#«E-rS 

-So 

[0 0l8]^t, JgftlgH&Battttttt^ifctt. ffi 

Kft oTJEVSiBi SDMI Li Sr«Jf*** tttK, ^2 
a^ffi^'^-^P S 2fcfctf S«£P2Ri£#tt# 
K»oTSitf3*2iI**L2$:»jru La»5«£*NK 
P5SHL1, L 2<P£/6Q£SdSL-C:#«>-5 < , -tUTiS 
SB»tt[l»*tttb*ai-«t9, 2o©«,£PlL, P2RS 40 

xHe&Qoztub 3 &ff)®.m.m&zmffi L«5£-f 5 - 1 

(H 1 4 ~H 1 9 #BS) „ 0g*.tf, 3£P1L, P2R, Q 

[0019] ftib\ j»E«5i»^ifii6i^a, 

[0 0 2 0] r©J:5{-**MlcJ:S»SaSl(i«*fflSE 
■lets*. S^Sr««JoTSV5l7-^^ffi<D»fiS 50 
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* <z>*saftew&« Lft v ^RHffifejg 3 ©SBtta** 
-5£5ftS3- (H2 1#bs.) -et,flE*3 0>SWtfc««£ 
ftT»5r£fc<*Sa«!fcB«:l*ttn?£, {S(+»t 

^*mhti^xo^m^ (ii2 3 (c) #bs) x-k® 

±|CO<7?R3a£*+k©IC&5«-£- (S!2 4, 2 5# 

SB) -Ct>»SSlSMaB*r*mi-Sri:AS-C#S. 
[00 2 1] 

TB9tr#J!R L-CWWi- 5„ H 1 li*»W©-IB»Jg« 

[0022] 0 i ic^-t-i 9 ic, ^sits&e«iai3i« 

i=>fcT»— *2iK:J:0«rii£it-O*.5. u-lfjSJg 

1 (4, U-if*#y h^:Sr^*t-rS u-1fS3fe» 1 1 
if»3t»l 1H©1'- if*** l-TfcSr?-* 

W£**\1-l 3t, 59—1 2{cJ:5fi8*t*l6litt* 
ft 3 * [Sj I £ io v n T !7 - * ffi a »fe S W 3fe 5r ft 3t i- > X 
1 4^iiL--C**T^ai-t-5CCD <t 9 ft 

5 2^7cft*TU-f 1 5 t ^*'L-CV^2) ( , irf, 57 
— 1 2 ZftLXV — ^WO*ffi|CI^— hTtSr.BB. 

1 5T'^aji-Si, ;7-12fflM, 2^7cft7tTW 
1 5{Cj3tt5U— tf^^y h3te<£>£#&Bft£Xb, 

if saaiMttHWB lT-li, ^^tti 3T-57-1 2 

«J-5i5t-i — If^jKy h3t*:«Wi**ftiSf»flg*tU. 
-t©S»*S:*Uii-Sri:JC±9. S»i*WL«:flHSOo 
TjgtfS 17 - ^ SffiWifffi^Sr^-f- 2 ^tc© 7 - ^ *r 
®^7 ? - : ?^#P)n5i5lcfto-CV>5o 
[0 0 2 3] =>>-t^-^2(4, &'j}TSB.^Wi.. WAV 

f > ^#a, saiwaBRa^fkatwiSiiittK 

[ 0 0 2 4 ] @ 2 itm 1 (C*J»t 5 If S^f+S9^IC 



(5) 

7 

xv'&bii, 2nkjzmm (y, z) ^ioMi»f- 

[0025] m 3 liia l £^tlg&ftffi:B&tt£fl#ft 
fc u— jf B&BtrBW 1 #feB $ ixT v >5o B&&&B 

S-3^-Cs £fta»P>BBLJ: 0 t LtT^^-^WICo 

v > t ^ * 7- ■< - ^ > if z v ^5 mt&UiiLW. <vmm 
[0 0 2 6] kit, mi\^-r£y\zmf$.ztiz®mm 

asfta^:^*-* 2fc±$BBB«fcfiBffl#B«:ttB 

2 f* u— if aafcKftMi i a» e> © 2 7 - * mmj&vt 

a, BBBttfi&&*ffiB&tJ ( &&ttffiBB££tt]«a 
fcBttU »«iiKiB«)*{a*fT5 i pIcltv^o 

[00 2 7] *-f , B#iSfilBa&ia 5 Rxm 1 0 
JHLTBWi-4. a^iftBfiiatt, 

llc<fc9#f>tv YZJffi«^0 2^7EffiSffi^J*o#ic 30 
<@ (D&X'h 5&BPk, k = l~nj:9&?>7-* Brffiff^ 
jR^-^fcBBU B»BO»^ (S1.S2. -) £±07 

l&fti&U-tZ>¥-&k LTfi, ifcB iT.Pavlidis 
and S.L.Horowitz , "Segmentation of Planes Curve 
s " , IEEE Trans. Comput. , vol. c-23, pp. 860-870, Au 
gust 1974 J \Z.M7F£tltzhV>&*abfhXi$'9 . 

m^m-fyo-^^- Yxhz>„ rr-cias, xtfB 

IE<DE6~[2 9 c Plc{£ffl£;rLT^-5N 1, N2, 40 
li Ufyy) tf>#-§-£*1-k»T*£>5„ HI 1 0 

[0 0 2 8] *^2fe^JT'li!7-^WrS^t«tx-^li, Y 
ZffiM^<Z?2&^J^ffi2rl#On<B<7>{£gPk, k = l~ 

i = l, j =n irt^^ffl^SW^ttSo &V>T'X7- 
if7N2-Clt 7 — ^BBB*^— *lC*Stt3BM (P 
i, Pj) »-*«iffi^Piif|fe^W^Pj (PjWYSEfiUfi 

>Pi<E>Yffig?{i) ir^r^Bi^E^dsH-gJctt)** 
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XlbbiXZ) (010 (a) BB) . ^.(D^y^N3X 

12. #vfcr£teBj&6»P>BBE*-e©BBD (Pk) , k 

= i~ j a^tt-eiijittisjii. ::td (Pk) isiaa 

Pkt*JltSBBE*-e©EBoBSr*L, 1 ® Bttj*^ 
Pl7j»P>iEBE*T*<DKSI(DBD (PI) , j&P2*»P>ittBE 
*T'(DS§Bf(DffiD (P2) , , fcM.Pnfrb\g.%kE$.X 

©bb©bd (Pn) iSBtasiia (01 o (to # 

[0 0 2 9] i^V'T*^.7 1 y7°N4T*l±. ^7?7N3l? 
BfflSixfcBBD (Pk) . k= i~j 0>5*>j1»p>BKD 

(Pk) <£>**<a£#i6> *tf>i#©,££Pkmax , Sggt^ 
D (Pkmax ) t-tZ (Hi 0 (c) BB) . tLOT 
y7°N5IC4oV>T, §*SE8tD (Pkmax ) tf^lbfelsbb 

iifcBBoLtrv^BLthJ: 5*#v^A»5jJ»*sW£Six 
•So ft±SEgtD (Pkmax ) * Lt V>BLth«t *> *t 
•a-|C(4^7 i 2/7°N6|Cjt^-, ^Pkmax *Ii^t LtS 

B+S (mi o (d) BB) . 

[0 0 3 0] fflftA^#ib*t?)tXXS'7 B N 7T'li, i 
= i , j =kmax£-U EIH (Pi, Pkmax ) fCiJ^TlWiS 
dXfj'/N2^f)Xf -y/N 6 ^T'irlHrt^coSaa^ 

X7 i s'7°N 8Tii, i =kmax, j = j t 
EF^ (Pkmax , Pj) IcjSV^TWEW^x y7 , N 2 
Pj^xs/^NeST'tl^rt^cO^a^^^ix-S (IU10 
(e) BB) o ^LT#EF^T'roft^SggtD (Pkmax ) 

*s U#u^BLth«T-C*><5 t , *©EWU:W:JBftjfe«:# 

[0 0 3 1] 5J-LTttttSJixfcJBft^Pkiiiax .£ 

B*B*floB4>si, S2, -Ki9 7-^BBB*t^B 
5riifff£l$n5 (Hi l#B) o miffiwxr i/7°N l ~N 
9 (Di. o\z. \s—#33e$$tHm 1 i 9 B & 2 ^te 
BBBS:»o7-^WffiB«tf f -^ (Pk, k = l~n) 

[0 0 3 2] ftlc, 7— ^WBJBBSriEiB'fSBl 1 K 
^-r<t 9*BBB<0B^S1, S2, •••^CoV^T2o^±0 

D(H5<oB»iffB«ia-eB?)tifcB»B©B^si, S2, ••• 

Sr, 7-^W<D^g^WL^JFM-r5-*©S5ttWl(TJ 

(^ffi^w L coflMlcH# L/iV «BBB4: % 3 SWw 3 

BBWLSrJgBi-SfflWwi, W2 05WffiB#t*s, 

V^ttKSr^iJfflL, P«9-^5 2o(DH^Si, Si+lcD^S 
iiaii/l^v^t, XliP 1 ?^ 2oco^5rSi, Si+1 
/4 s ±lCdb*^L-CV^i tlCli, 2o<D^Si, Si+ll± 



9 

[0033] m6itm4ic&\jzmfty^-t a >y%im 
y®m*mm-tz>tz$><nm. mi 3f^#sitik#si+i 

[0 0 3 4] l3X#iC x ^<9^9 2o<7)|g#Si, Si+1^ 

TS/h~»fe(CTil:^SiSrf+*^J: 9*£>3 0 10 

+l£#£>£ 0 ^LT, #£>tz\tmSitm$LSi+lt(D%g. 
^A0^»ttii-6o £-KHA 0£>ffi|j:, g]13i-^-rJ: 

[0 0 3 5] £T£i\ ^f^/Nlom i = l> 
g = l iv^^fS^^ixSo ^ry/Nl l 

-eta, m^itm-thm^^-^^^ gt&&z> 

[0 0 3 6] ^l^fy^N 1 2 Tli, j»^Sii:j»^ 

fc£tiZ>o ft^HA0<0th, Xf^gf a e 

^ 0 £rr«£-r Uf^Nl 3t'YES) (Cft, 

j»^Si+l*Sj|8^Si k m— P^-y Izmir Z> <DX\ *y- y 

yNi4\cm^ jift^si+i^«-r5j»^^u— ^s-g- 30 

£g£-f6o l@B (i = l) tt»5»2tt||^^/u-7 p 
1 iCjRf 6t^t^*tt5o fcfiH£A0<0th, 

i4lciii* 0 eax.fi 1 [HIS (i = l) ICioV^T^Xy^ 
1-Z>b<Dkft£ti5o 

[0 0 3 7] ^Wfs/^N 1 6fC*5^T i 1 L 40 
W^ry/Nl 7 Kit*, ^r^Nl 7 tSJIji 

t^r^N 1 2^I5 0 
[0 0 3 8] w^i5f-LTH^Sl, S2, SnO^VW 

k%kftS5kl*. S&iELfcfc«i£A 0 < e th, Xfi^gM 

^2o0M^-/i:^7 s ftJtL5 o ftfl 50 
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fSON 10-N1 7<Z>J:5l-l»^ifi(a«fa^«tS«[»fi 
<OH#Sl, S2, SnSrgf^ftfliJlCtieoT^-^t 

[0 0 3 9] ftt*»»ffi«t!Ea**aaJcov^TttMi- 

SriKitK *»*|WLOffi«ttaicXl»i:*5*3 

I lWilff^-vPS l «»8«WLS:« 

WWflHWK'* * - > P S 2 Sr n 6 *<z> tolt* fe S 0 
[0 0 4 0] Jf^7^N18m ^-jR^A— ^ 

&ifA'—-?<Dfk& 2fiW±Tfe5^5^S^J^$tL-5o 
rrT*2<@y±fo5»^ (^T5/7 P N20tYES) 
l^7 7^N2 1 ICilfro 
[0 0 4 1 ] ^T7/N2 lt'ttwjl?)^^^/ 

^^S^^5VM!llC2oO^^/i—^ P ^ttai-r5o * 
LW^/N2 2Cfcl^ M£ttffi£ftfc2o<Djg| 

(Dgp^w i <Dttm^'<*—>*7F+m i awwrBj&R 

^PS 1 i§MWL SrMt^)te*^atfW 
2 ©»rE#«'<* ^ > £*-T!g 2 SB«"»rffi^^/< * - > 
PS2iS:ft5„ ffltliYHt^/hJl^^lSfB 

»»i««^>psifcu ztixvbYmmm* 
*%i*^z%$2nttmmM#;'<*->ps2ki-z> m 

1 4#fig) 0 

[0 0 4 2] 85IE^xs/^N 1 9X*&m£tltzm 

ft?/l>-7<D&fc2m*ffi<Dm j & (^7^^2 01^ 

o) lctt»«^lffilt^ff^EL*v^r^:^:ft9, mm* 

^^LT^Sir%^C>tlS^T\ *MXi*^ y — ft* 
[0 0 4 3] BUffi^^xy^N 1 8— N2 2 0i 5 tCjH 

m#'<*->&^irmi&ttmmBft'<*->p s 1 



(7) 



11 

-c ewe j: 9. mm&mm&wi'<f->ps \<r>%2 
2 ©gr i mmmBVi'*f—> p s i flfl©a££ (^g^ 
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:fiS1-5ffi,#.) ^P2Rt-r^t, *ffli--s#»« 

Sf©#SE®1^8 •? i&trr. t 5 (Hi 4 

BB) „ 

[0044] m 8 SO® 9 Jill! 4 (C&f? 

[0 0 4 5] ^fy/N 2 3~N2 7|£olvCfill 1 4 
J&iaWWffiJ&lfc'** — >PS l^MIE^-VP S 2 

«iro*^srPiLt l> %zmmm&Wi'*-9-^v S 2 

©ItufE'^-VP S l(»]©«,S£P2Ri1--5,, ft^T** 20 
x y 7°N 2 4 T-fi, SI l SPWBrffi^t^*- >PSll; 

*}tt5*APlL©aS# gP^DthldfioTjg^Sm 1 WM 
LI (BBS; : Al • Y+Bl • Z=C1) <fc 9 

a. :©iiiSLi ©iWHiBffcft $ wtfriaia^ms^- 

Dth^C±5ltS»f®ff^'7 ^ -^*fflV^T*:/^~*)*i--C^ 

ffiMVt'<? — >P S 2ICjoft5^P2RWa^Si5^Dt 
h' CieoTjiU ! 5f2fgL2 (BBS : A2 • Y +B2 
•Z=C2) SrW-jUcJ:*****. !2iliL 2©gajli 

4, N2 5IC*JV«T, fPtf»fBff^^^ — VPS 1, P 
S 2^*H^Sr^ififfilLT/i5fc<oro*-g- N jfifggB 

#Dth, Dth' ©fi£ii, *£&ffii::1-5i:;fc#©»rffi 

©p^ r t ic&so-c. tmm& 
jesnrv^. *7t, iS8»#Dth, Dth' ©ft^tip^ 

[0 0 4 6] iSkV^-C'^xyT'N 2 6lC*5VNT^lK^L 

1 km2&&L 2 £©£,£Q£gtBU ftW^fy^N 40 

2 7 \zmtto ^T5'/N2 7 T'fi, SB 1 SBtfWffi^tt^ 
^-VPS l©3gAPlLi:£;£Qi:©i®ltD 1, St/, 
m 2 mtffiffiBW;'* 9 - > P S 2 ©3g A P 2R t Q t 

<o®MD2tfwmzti%o 

[0 0 4 7] ft|C^7 i ;y7°N2 8~N3 5ICiJV>T, C 
©<£ o IC LT#& fcixfcjgAP 1L, MM. P2R&l/£AQ 
©3A©o^T©&«M#»£«f#fU MWLWfif 

1. D2W5*)W/h$V^^ft|S^$tutL#V^fiSL 
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LENthJ; Uf5'7'N2 8fYES) (C 

fi, ^xyt/N 2 9|Cit^, MSAPIU &&.P2K&V&. 

oT^-s^-g-^-atf) , ii 5(c^-f i e>(;:, -t^-^t 

ffi^(Cj:5^aWL^*-r5I7-^W (132 0, §2 
1 (a) #«0 , Ri^V7WltP]i^'f^W2 
tl-iS^HWL^W-f-^y-^W (H2 5#BB) X 
ItmtsU T'WW 1 t ¥«W 2 fc IC «fc £$g&W L 
"T517 — ?W (0 2 4#J&) s fc^^li, 0 1 6 KsM" 
ga5feSr*i-5i-^Tl8^ (0 2 3 (a) # 

^©XjfeQSrSaslMfclli: LToaKy h*»ffi4tcairj 

■ra. 

[0 0 4 8 ] SgglD 1 , D 2©5'<b©/h£V , >;fr/4 5 L£V^ 
ffiLENth^±T**>-5^ (Xr^7 , N2 8t'NO) K 
l±^Xi/7°N 3 OJCit^, HMSPlL©YffiStt<£j6Q 
©YffiaHt<MMSP2R©Yffi«fflL irV>5iH«&iS£b 

(/f'^N 3 OT'YE S) |C{4, ^ry^N 

3 i iz.m&. 0 1 7 ic^-r i o [z^mmm^mm 

(02 2 (a) #M) X'hZtnfcL. 9c\cW.&£fttz 

LTn^s/ h$J«4(cai^-r5„ 
[0 0 4 9] — fltHE©iaff,Sr^LTV^iV^-& 
Uf77"N3 0fNO) \z.\t^"ry^Z2\zm^ 

SSj£ P 2R© Yffi^{i< 3?^- Q © YJS^ft, t ^ P W«£ 

fcLTV^*^ (^fy/N 3 2 t'YE S) ICIi^xs' 
7*N3 3lCit^ x 0 1 8 {C^-t-i 5 »C N P^$fe$rWLJ.o 

W3£L (0 2 3 (c) , ffiffaffi^P2RSr^^ffi 

air-TSo r©«S^P2R^g?i^firet LTn#y h«j 

«4lCffi7Ji-S 0 
[0 0 5 0] #:V>-t% SftlS©ii«SrSS^.LTV^V>«^- 
(^f 2T-NO) \Ztt.*7-y7K3 4\zM^ 

SSA P 1L© YJS«lffi>£.6Q© YJS«ft, t V » o m*&*: 

&ffl&<DWimmT-?i>mbtitei<"'7-?wx'hz>k 

HSU flWEi»APlL*:»SaMWi:i-5. -©SAP 



[0 0 5 1 ] Silie©^XS'7 0 N 2 3~N3 5©<t 51- 
1 gB«-»fBff^^->P S 1 <D$H2mt&iMMVi'<* 
-VPS 2ffl!UcffilIi-5»APlLt, ^APlLiS^© 



(8) 

13 

s 2<omi$ittmmm'<?->ps ubiic&bi-ss 
,s p 2R t , «s p 2Ria^o u-? mmitmf- ?t\z 

[0 0 5 2] Z<0£ilC&>±%LmL1t-mMBffiz£Z> 

v^«fBi«*»3«)fflJ«W3*SASJ:5/f»^ (02 l# 10 
JK) ■C'bK»3«)«BJ«W3^3»|ISii-CIR4wi:*<» 

m^m-fr (02 2mm xtmm-ummmcma, 
mmm&mz&mxz. tut. m^mnhtix^^m 

v^J:5fc#£ (0 2 3 (c) #bb) -c<b$$ttttB*& 

^Ttt>WICi5*^ (02 4, 2 5#.l) -Ct>»SB» 
ffi«Srtftffi-f5wi:*st?t5. 20 
[0 0 5 3] 

teBtftttiSfilwJ:**:, oX MX* Z 

«iw&B*tfttBi-$fciRu «ns3t^s;©«-«#s:©a 
na^*tT*«fiK^^, v-?mmitm&t.mxtj: < ± 

[EBOffi^SftW] 

[0 1 ] *«0^W-3li£^(cJ;S^^B^aj^fi 
[02] 12 1 Icjoit-S J; 9 # 40 

ft, 2&tMI (Y, Z) ^o^fOf-^i!)* 

z7-?mmm? : -f'&m&.m^i-mx'bz 0 

[03] Hl^*t««»ffiB*W*Jl^fllx. 641^7 

[04] 01(c:fctt5^fc o ^-*KJ;£&&g|&B& 
M^m&flLWIrZ tz$><DmxhZ> 0 
[0 5] H4tc*jit«H^i£Caftyi©*WS:*i-7o- 

[0 6] m4{zinf?>^y^~t°>^mm(o^-m : k^ 

f7D-f+-H-S)5 0 50 
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[07] H4ic*jit5»aaMfl[Bisja^»a(o*i«s:^ 

[08] B4|c£tt*£SM^SiR*&U&3ro3Mtifr 
[09] 04lc43»tSj§SH{iBi»»«iai«ia^lilSr 

[010] m$ft®.im*fflft1rZ,1ttb<nmxhibo 

[011] *»«©»^Sl,S2,-jCj:5iSfa$nfc!7- 

[012] &ft?jv-t°^7i&m$:®m-fz>tz#><Dmx 

[013] ^SiiH^Si+ltW^g^A 6cOtftB^0T- 

[014] femmmmnw>mmm$:mw-rz>tziib(Dm 

xhz><, 

[015] ^*M£B8ll^ffi&S£tftW1-5;/i:fc<D0 

[016] »ssi6fi:««ii[ttffltea*KWi-5*:«>©Bi 

[017] ^^B«#^ai*aa^^-rsfc*o0 
T*s>5. mttvmmnx'<Dm&) „ 

[018] ^IS&fiSS^^ffi^SSrlftK-rsfciferoE 

[019] »SBKl{t«ijS»ttaiftia«:KW-rSfc«><O0 

[02 0] t^fcTtt^SfrfrlCfc^-CW—- iF^ftft 
[02 l] »S«©JE?j*lcH4-L*v^3S|sa-S:fi-r-S 

[022] &tfi,mmux<Dmw.mtiLm.$:\k\& lx o t 

[02 3] fi:S^i8^feffi^f1-?)4xTv>5*i^{cfcv-C 
[02 4] y—?vmt'<-(zfttt¥-WLt{zi.<QmfS.£ 
[02 5] ?-?t>WB'<'(7'ttkPiB;Uyttblz£ 

zy-tmmmzm.Wi-ztzibcDmxhZo 

1 •• • u— t>*3S3!fttS-«» 1 1 - u— 9-*S3fcli 1 2 - 



(9) #Bfl 2 0 0 1 - 6 2 5 6 6 

15 16 
14-g3tU>X 15-2 *SB$t W2-«2»fl- W3-JR3tttt WL-ffiftN 
&7cgftTW 2---3>t c ^-^ 3-7— ?J*tta . WG-HMteBB PS 1-f l^»I»^-> 
'fs' h 4 — hfBllifffi w--<7 — ^ Wl-f 1*. P S 2---3?2g&#$rBff2:t£^ — > 



[Hi] [02] 




[03] [14] [110] 




Pkmax 



(10) 
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25] 



[116] 



(Pi, PI) «Pf#PI.PJ«fc* 



I 



#^Pk^e»S» E * -O^ffiMD ( Pk ) , 

k = i — > j £<en€nga 



N1 



N2 



-N3 
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